




Aiken, L. R. (1985). Three coefficients for analyzing the reliability and validity 
of ratings. Educational and Psychological Measurement, 45(1), 131-142. 
https://doi.org/10.1177/0013164485451012 
 
Ali, T. (2012). A case study of the common difficulties experienced by high 
school students in chemistry classroom in Gilgit-Baltistan (Pakistan). SAGE 
Open, 2(2), 1-13. https://doi.org/10.1177/2158244012447299  
 
Almazaydeh, L., Younes, I., & Elleithy, K. (2016). An interactive and self-
instructional virtual chemistry laboratory. International Journal of Emerging 
Technologies in Learning, 11(7), 70-73. 
http://dx.doi.org/10.3991/ijet.v11i07.5853 
 
Antonoglou, L. D., Charistos, N. D., & Sigalas, M. P. (2011). Design, 
development and implementation of a technology enhanced hybrid course on 
molecular symmetry: Students’ outcomes and attitudes. Chem. Educ. Res. 
Pract., 12(4), 454-468. https://doi.org/10.1039/C0RP90013C 
 
Anwariningsih, S. H., & Ernawati, S. (2013). Development of interactive media 
for ICT learning at elementary school based on student self learning. Journal 
of Education and Learning (EduLearn), 7(2), 121-128. Retrieved from 
http://journal.uad.ac.id/index.php/EduLearn/article/view/8290 
 
Aprianto. (2008). Pengaplikasian virtual laboratory sebagai media 
pembelajaran jarak jauh. Bandung: Program Pascasarjana Universitas 
Pendidikan Indonesia. 
 




Bakar, N., Zaman, H. B., Kamalrudin, M., Jusoff, K., & Khamis. N. (2013). An 
effective virtual laboratory approach for chemistry. Australian Journal of 
Basic and Applied Sciences, 7(3), 78-84. Retrieved from  
 http://www.ajbasweb.com/old/ajbas/2013/special%20issue/78-84.pdf 
 
Barab, S. A., Hay, K. E., Squire, K., Barnett, M., Schmidt, R., & Karrigan, K., ... 
Johnson, C. (2000). Virtual solar system project: learning through a 
technology-rich, inquiry-based, participatory learning environment. Journal 




Bektasli, B. (2013). The effect of media on preservice science teachers’ 
attiyudes toward astronomy and achievement in astronomy class. The Turkish 
Online Jurnal of Educational Technology, 12(1), 139-146. Retrieved from 
http://www.tojet.net/articles/v12i1/12115.pdf 
 
Beyer, B. K. (1995). Critical thinking. Bloomington: Phi Delta Kappa 
Educational. 
 
Bowen, J. P., Bowen, A. M., & Harrison, K. (2016). Creative visualization in 
chemistry. International Journal Creative Computing, 1(2/3/4), 231-273. 
https://doi.org/10.1504/ijcrc.2016.076058 
 
Branch, R. M. (2009). Instructional design: The ADDIE approach. USA: 
Springer. 
 
Bruner, J. S. (1996). Toward a theory of instruction. New York: Norton. 
 
Calimag, J. N., Mugel, P. A., & Conde, R. S. (2014). Ubiquitous learning 
environment using android mobile application. IMPACT: International 
Journal of Research in Engineering & Technology, 2(2), 119-128. 
Retrieved from http://www.impactjournals.us 
 
Chigeza, P., & Halbert, K. (2014). Navigating e-learning and blended learning 
for pre-service teachers: Redesigning for engagement, access and efficiency. 
Australian Journal of Teacher Education, 39(11), 132-146.  
https://doi.org/10.14221/ajte.2014v39n11.8 
 
Cottrel, S. (2011). Critical thinking skills: Developing effective analysis and 
argument. New York: Palgrafe Macmillan. 
 
Domhan, Tobias. 2010. Augmented Reality on Android Smartphone. Jerman: 
Dualen Hochschule Baden-Wüttemberg. 
 
Elsunni & Abdelwahed, H. (2014). Stakeholders perspective on the efficiency  
of the virtual laboratory in the development of students scientific      
research skills in science. American International Journal of Social Science, 
3(2), 166-171. Retrieved from  
 http://www.aijssnet.com/journals/Vol_3_No_2_March_2014/18.pdf 
 
Emery, J. L., & Bell, J. F. (2009). The predictive validity of the biomedical 
admissions test for pre-clinical examination performance. Medical 





Ennis, R. H. (1962). A concept of critical thinking. Harvard Educational 
Review, 32(1), 81-111. Retrieved from http://faculty.education.illinois.edu 
 
Fonna, T. M., Adlim, & Ali, S. M. (2013). Perbedaan ketrampilan berfikir kritis 
siswa melalui penerapan media pembelajaran laboratorium virtual pada 
konsep sistem pernafasan manusia di SMA Negeri Unggul Sigli. Jurnal 
Biotik, 01(02), 67-136. Retrieved from  
http://jurnal.ar-raniry.ac.id/index.php/biotik/article/view/223/204 
 
Ghadi, I. N., Bakar, K. A., Alwi, N. H., Talib, O. (2013). Measuring critical 
thinking skills of undergraduate students in Universiti Putra Malaysia. 
International Journal of Asian Social Science, 3(6), 1458-1466. Retrieved 
from http://www.aessweb.com/pdf-files/ijass-3(6)-1458-1466.pdf 
 
Gliem, J. & Gliem, R., 2003. Calculating, interpreting, and reporting Cronbach’s 
alpha reliability coefficient for Likert-type scales. In 2003 Midwest 
Research to Practice Conference  in Adult, Continuing, and Community 




Hair, J. F., Anderson, R. E., Tatham, R. L., & Black, W. C. (2006). Multivariate 
data analysis (6th ed). New Jersey: Prentice-Hall International, Inc.  
 
Hamalik, O. (2014). Kurikulum dan pembelajaran. Jakarta: Bumi Aksara.  
 
Harlen, W. (1996). Teaching and learning primary science. London: Paul 
Chapman Publishing.  
 
Heirdsfield, A., Walker, S., Tambyah, M., & Beutel, D. (2011). Blackboard as 
an online learning environment: What do teacher education students and 
staff think?. Australian Journal of Teacher Education, 36(7), 1-16.  
 https://doi.org/10.14221/ajte.2011v35n7.4 
 
Hendrayati, H. & Pamungkas, B. (2007). Implementasi model hybrid learning 
pada proses pembeljaran mata kuliah statistika II di prodi manajemen FPEB 
UPI. Journal Penelitian Pendidikan LPPM UPI, 13(2), 181-184. Retrieved 
from http://ejournal.upi.edu/index.php/JER/article/view/3430/2422 
 
Heng, Y. C., Joo, C.E., Basri, A. A. M., Leng. H. H., Bari, N. A., Suleiman, R., 
Som, A. M., Mustafa, S., Mohamed, S. H. O, Yusof, Z. M., Yazid, Z., & 
Majid, Z. A. (2012). Integrated curriculum for secondary school 





Higgins, S., Xiao, Z., & Katsipataki, M. (2012). The Impact of Digital 
Technology on learning: A Summary for the Education Endowment 
Foundation. Durham: Durham University. 
 
Högström, P., Ottander, C., & Benckert, S. (2010). Lab work and learning in 
secondary school chemistry: The importance of teacher and student 
interaction. Research Science Education, 40(4), 505-523.  
 https://doi.org/10.1007/s11165-009-9131-3 
 
Ikhsan, M., & Afdal. (2016). Kajian motivasi belajar siswa dalam 
pembelajaran kimia menggunakan virtual lab. Jurnal Pendas Mahakam, 
1(1), 65-68. Retrieved from  
https://jurnal.fkip-uwgm.ac.id/index.php/pendasmahakam/article/view/43 
 
Jabbour, K. K. (2014). An analysis of the effect of mobile learning on Lebanese 
higher education. Informatics in Education, 13(1), 1-15. Retrieved from 
https://www.mii.lt/informatics_in_education/htm/INFE230.htm 
 
Jancirani, R., Dhevakhrisnan, R., & Devi, S. (2012). A study on scientific 
attitude of adolescene students in namakkal district. International 
Educational E-Journal, 1(4), 2-8. Retrieved from  
https://www.oiirj.org/ejournal/july-aug-sept2012/01.pdf 
 
Jenson, J. D. (2011). Promoting self-regulation and critical reflection through 
writing students’ use of electronic portfolio. International Journal of 
ePortfolio, 1(1), 49-60. Retrieved from  
http://www.theijep.com/pdf/IJEP19.pdf 
 
Johnson, R. A., & Wichern, D. W. (2002). Applied multivariate statistical 
analysis (5th ed). New Jersey, NJ: Pearson Education, Inc. 
 
Kemendikbud. (2014). Peraturan Menteri Nomor 59 Tahun 2014 tentang 
Kurikulum Sekolah Menengah Atas 
 
Kemendikbud. (2016). Peraturan Menteri Nomor 20 Tahun 2016 tentang 
Standar Kompetensi Lulusan Pendidikan Dasar dan Menengah  
 
Kemendikbud. (2016). Peraturan Menteri Nomor 21 Tahun 2016 tentang 
Standar Isi Pendidikan Dasar dan Menengah  
 
Kim, P. (2006). Effects of 3D virtual reality of plate tectonics on fifth grade 
students' achievement and attitude toward science. Interactive Learning 




Klimova, B. F., & Kacetl, J. (2015).  Hybrid learning and its current role in the 
teaching of foreign languages. Procedia – Social and Behaviour Sciences, 
182, 477-481. https://doi.org/10.1016/j.sbspro.2015.04.830 
 
Korakakis, G., Boundouvis, A., Palyvos, J., Pavlatou, E. A. (2012). The impact 
of 3D visualization types in instructional multimedia applications for 
teaching science. Procedia – Social and Behavioral Sciences, 31, 145-149. 
https://doi.org/10.1016/j.sbspro.2011.12.032 
 
Kumta, S., Tsang, P., Hung, L., & Cheng, J. (2003). Fostering critical thinking 
skills through a web-based tutorial programme for final year medical 
students-a randomized control study. Journal of Educational Multimedia 
and Hypermedia, 12(3), 267-273. Retrieved from 
https://www.learntechlib.org/p/11927 
 
Kustandi, C., & Sitjipto, B. (2011). Media pembelajaran manual dan digital. 
Bogor: Ghalia Indonesia. 
 
Lalima, & Dangwal, K.L. (2017). Blended learning: An innovative approach. 
Universal Journal of Educational Research, 05(01), 129-136. doi: 
10.13189/ujer.2017.050116 
 
Lawshe, C. (1975). A quantitative approach to content validity. Personnel 
Psychology, 28(4), 563-575.  
https://doi.org/10.1111/j.1744-6570.1975.tb01393.x  
 
Means, B., Toyama, Y., Murphy, R., & Baki, M. (2013). The effectiveness of 
online and blended learning: A meta-analysis of the empirical literature. 
Teachers College Record, 115(3), 1-47. Retrieved from  
https://www.tcrecord.org/content.asp?contentid=16882 
 
Muijs, D. (2011). Doing quantitative research in education with SPSS (2nd ed). 
London: SAGE Publications Ltd.  
 
Muhaimin. A., Susilawati, & Soeprianto, H. (2015). Pengembangan media 
kapasitor dan pengaruhnya terhadap pemahaman konsep dan sikap ilmiah 
siswa. Jurnal Pendidikan Fisika Indonesia, 11(1), 59-72.  
 http://dx.doi.org/10.15294/jpfi.v11i1.4004 
 
Muhamad, M., Zaman, H. B., & Ahmad, A. (2010). Virtual laboratory for 
learning biology – A preliminary investigation. World Academy of Science, 






Nesbit, J. C., & Leacock, T. L. (2009). Collaborative argumentation in learning 
resource evaluation. Hanbook of Research on Learning Design and 
Learning Objects: Issues, Appplications and Technologies, 574-588. 
Hershey, PA: IGI Global. 
 
Olasehinde, K. J., & Olatoye, R. A.  (2014). Scientific attitude, attitude to 
science and acience achievement of secondary school student in Katsina 
State, Nigeria. Journal of Educational and Society Research, 4(1), 445-452. 
https://doi.org/10.5901/jesr.2014.v4n1p445  
 
Omilani, N. A., Ochanya, N. M. R., & Aminu, S. A. (2016). The effect of 
combined virtual and real laboratories on students’ achievement in practical 
chemistry. International Journal of Secondary Education, 4(3), 27-31. 
https://doi.org/10.11648/j.ijsedu.20160403.11 
 
Oyelekan, O. S., & Olorundare, A. S. (2009). Development anfd validation of a 
computer instructional package on electrochemistry for secondary schools 
in Nigeria. International Journal of Education and Development Using 
Information and Communication Technology, 5(2). 88-104. Retrieved from 
http://ijedict.dec.uwi.edu/viewarticle.php?id=677&layout=html  
 
Pujiyati, Anik, & Nurhayati. (2012). Pengaruh model pembelajaran (berbantuan 
laboratorium virtual) dan minat belajar terhadap kemampuan berfikir 
kreatif kimia. Jakarta: FTMIPA Universitas Indraprasta PGRI. 
 
Pitafi, A.I., & Farooq, M. (2012). Measurement of scientific attitude of 
secondary school student in Pakistan. Academic Research International, 
2(2), 379-392. Retrieved from  
 http://www.savap.org.pk/journals/ARInt./Vol.2(2)/2012(2.2-43).pdf 
 
Popovic, N., & Naumovic, M. B. (2016). Virtual laboratory and learning 
management system in optimal control theory education. International 
Journal of Electrical Engineering Education, 53(4), 1-14.  
 https://doi.org/10.1177/0020720916639321 
 
Rusdiana, I. (2010). Identifikasi kesulitan belajar dan pemahaman konsep siswa 
dalam materi ikatan kimia kelas x semester I SMA Negeri 6 Malang. 
Universitas Negeri Malang. Retrieved from  
 http://karya-ilmiah.um.ac.id/index.php/kimia/article/view/5525  
 




Satish, C. J., & Mahendran, A. (2017). The effect of 3D visualization on 
mainframe application maintenance: A controlled experiment. Journal of 
King Saud University – Computer and Information Sciences.  
 https://doi.org/10.1016/j.jksuci.2017.03.003 
 
Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation coefficients: 
Appropriate use and interpretation. Anesthesia & Analgesia, 126(5), 1763-
1768. https://doi.org/10.1213/ANE.0000000000002864 
 
Senler, B. (2016). Pre-service teachers’ self-efficacy: The role of attitude, 
anxiety and locus of control. Australian Council for Educational Research, 
60(1), 26-41. https://doi.org/10.1177/0004944116629807 
 
Smaldino, S. E., Lowther, D. L., & Russel, J. D. (2011). Instructional 
technology and media learning. Jakarta: Kencana Prenada Media Group. 
 
Solikhin, F., Sugiyarto, K. H., & Ikhsan, J. (2018). The measurement of self-
efficacy in the use of VICH-LAB in electrochemistry. AIP Conference 
Proceedings 2021, 040002 (2018). https://doi.org/10.1063/1.5062746 
 
Squires, D., & Preece, J. (1999). Predicting quality in educational software: 
Evaluating for learning, usability and the synergy between them. Interacting 
with Computers, 11, 467-483. Retrieved from  
http://iwc.oxfordjournals.org/content/11/5/467.short 
 
Sudjana, N., & Rivai, A. (2010). Media pengajaran. Bandung: Sinar Baru 
Algesindo. 
 
Sukmadinata, N. S. (2013). Metode penelitian pendidikan. Bandung: PT. Remaja 
Rosdakarya. 
 
Sumintono, B., Wibowo, S. A., Mislan, N., & Tiawa, D. H. (2012). Penggunaan 
teknologi informasi dan komunikasi dalam pengajaran: Survei pada guru-
guru sains SMP di Indonesia. Jurnal Pendidikan Matematika dan Ilmu 
Pengetahuan Alam, 17(1), 122-131.  
http://dx.doi.org/10.18269/jpmipa.v17i1.251 
 
Swandi, A., Hidayah, S. N., Irsan. (2014). Pengembangan media pembelajaran 
laboratorium virtual untuk mengatasi miskonsepsi pada materi fisika inti di 
SMAN 1 Binamaru, Jeneponto. Jurnal Fisika Indonesia, 18(52), 21-24. 




Tsovaltzi, D., Rummel, N., McLaren, B. M., Pinkwart, N., Scheuer, O., Harrer, 
A., & Braun, I. (2010). Extending a virtual chemistry laboratory with a 
collaboration script to promote conceptual learning. International Journal 
Technology Enhanced Learning, 2(1/2), 91-110.  
 http://dx.doi.org/10.1504/IJTEL.2010.031262 
 
Usman, M. U. (2008). Strategi pembelajaran. Jakarta: Erlangga 
 
Utami, B., Saputro, S., Ashadi, Masykuri, M, Widoretno, S. (2017). Critical 
thinking skills profile of high school students in learning chemistry. 
International Journal of Science and Applied Science: Conference Series, 
1(2), 124-130. http://dx.doi.org/10.20961/ijsascs.v1i2.5134 
 
Walker, P., & Finney, N. (1999). Skill development and critical thinking in 
higher education. London: Higher Education Research & Development 
Unit, University Collage. 
 
Widiyoko, E. P. (2011). Evaluasi program pembelajaran. Yogyakarta: Pustaka 
Pelajar 
 
Woldeamanuel, M., Atagana, H., & Engida. T. (2014). What makes chemistry 
difficult?. African Journal of Chemical Education, 4(2), 31-43. Retrieved 
from https://www.ajol.info/index.php/ajce/article/view/104070 
 
Wu, H. & He, Z., & Gong, J. (2010). A virtual globe-based 3D visualization and 
interactive framework for public participation in urban planning processes. 
Computers, Environment, and Urban Systems, 34(4), 291-298.  
 https://doi.org/10.1016/j.compenvurbsys.2009.12.001 
 
Zhi-qiang, W. (2017). Virtual package design and realization based on 3D 
visualization technology. Procedia Engineering, 174, 1336-1339.  
 https://doi.org/10.1016/j.proeng.2017.01.284 
 
